INTRODUCTION
The cell groups immediately surrounding the nucleus of the hypoglossal nerve in the cat may be subdivided into three nuclei: the nucleus intercalatus, the nucleus praepositus hypoglossi, and the nucleus of Roller. They will here be collectively referred to as the peri-hypoglossal nuclei. In a previous study (7) it was shown that a considerable proportion of the cells of these nuclei send their neurites into the cerebellum, since typical retrograde (axonal) changes consistently occurred in them following decerebellations or large cerebellar lesions. The connection was determined to be crossed as well as uncrossed, with some preponderance of the uncrossed component. Furthermore, cells of all types (large, medium-sized and small ones) send processes into the cerebellum. The findings indicate that these nuclei are functionally related to motor activities of the tongue, rather than to taste, as has been suggested by some authors.
The present study was undertaken in an attempt to determine the perihypoglossal-cerebellar projection in more detail, since it would be of interest to know whether these fibers are distributed to all parts of the cerebellum or only to particular areas, and if so, to which areas or lobules. Furthermore, the question as to whether the different nuclei of the peri-hypoglossal complex project onto the same or different cerebellar areas deserves attention.
MATERIAL AND METHODS
The material upon which this study is based consists altogether of 44 experimental animals. Some brains of normal cats of the same age and treated in the same manner served as control. For the experimental studies the modified Gudden method (3) was employed. Young cats, aged 6 to 18 days, were operated upon with sterile precautions and under Nembutal anaesthesia. They were killed 4 to 10 days later by exsanguination under N embutal or chloroform anaesthesia. In 40 of the animals different lesions were produced in the cerebellum by dissection, or dissection and suction, in 4 animals partial transections of the spinal cord were performed. The brain stem and the cerebellum, and in some cases parts of the spinal cord, were dissected free immediately after the killing of the animal and immersed in 96 per cent alcohol for fixation. After embedding in paraffin transverse serial sections, 15 JJ. thick, were made and stained with thionin. Every 5th or 10th section was mounted. The intervening sections were kept and, if desirable, stained later. The peri-hypoglossal nuclei were searched for the occurrence of cells presenting retrograde changes.
The retrograde cellular changes in cells of the peri-hypoglossal nuclei have been de- scribed and illustrated in a previous paper (7); a few remarks will suffice here. On account of the normal variations in the appearance of the peri-hypoglossal cells, and since cells in the earlier stages of the retrograde alterations may be difficult to distinguish from normal ones, only those presenting the fully developed picture of retrograde alterations, i.e. marked tigrolysis, clearcut peripheral displacement of the nucleus and, occasionally, some swelling of the cell body, have been considered positive in this study. These optimal changes were most frequently seen in animals being 6 to 10 days old when operated upon and killed 4 to 5 days later ( fig. 1 ).
It follows from the procedure adopted that the cells registered as altered will necessarily represent a minimum of those having possibly suffered damage to their neurites. When, in spite of this, the study of the acute retrograde changes was preferred instead of relying upon a determination of the cell loss occurring after longer periods of survival, it is because the determination of a cell loss will always be subject to arbitrary decisions, particularly when no normal side is available for comparison as is the case with these connections which are bilateral. A slight cell loss following smaller lesions in the cerebellum will be impossible to detect.
In determining the extent of the cerebellar lesions, it has to be kept in mind that fibers to other regions than those actually removed or destroyed may have been interrupted. In the evaluation of this question, a study of the distribution of the concomitant changes in the inferior olive has been of considerable value. It must be assumed that within the cerebellum the fibers from the peri-hypoglossal nuclei, when approaching their terminal area, will course together with the olivo-cerebellar fibers to the same areas (both groups of fibers entering through the restiform body). Since the olive-cerebellar projection in the cat is sharply localized and its pattern is known in great detail from a previous study (4) , it is, therefore, possible to see from the changes in the inferior olive which cerebellar areas have been deprived of their afferent fibers. Very deep cerebellar lesions with extensive involvement of the white matter are, however, not suitable, and such cases have, therefore, been discarded as material for the present study.
RESULTS

Normal Anatomy of the Peri-Hypoglossal Nuclei in the Cat
Before presenting the experimental findings a brief comment on the normal appearance of the peri-hypoglossal nuclei is appropriate. In an earlier report (7) a full description and illustrations as well as a discussion of the relevant literature and questions of nomenclature by guest on November 8, 2016 http://jnen.oxfordjournals.org/ Downloaded from are given. The principal points in the topography of the peri-hypoglossal nuclei in the cat will be evident from Figures 2, 4 , and 5.
The nucleus intercalatus of Staderini, situated between the hypoglossal nuclei and the dorsal motor vagus nucleus, is the most caudal. Its cells are small, round to oval, and provided with finely dispersed Nissl granules. In its rostral extremity some medium-sized multipolar cells appear, marking the transition to the nucleus praepositus, with which it fuses imperceptibly.
The nucleus praepositus nervi hypoglossi is here delineated chiefly in agreement with Marburg (15) . Its caudal end is somewhat arbitrarily drawn just below the rostral pole of the hypoglossal nucleus. Rostrally the nucleus extends to the level of the genu of the facial nerve, and laterally it is continuous with the medial vestibular nucleus. Its limits are diffuse, also ventrally, where it fuses with the nucleus of Roller and the reticular formation. The nucleus is composed of small, medium-sized and large cells, most of them being large and multipolar. These are particularly abundant in the ventral part of the nucleus.
The nucleus of Roller is not very conspicuous in the cat. It is developed ventral to the rostral third of the hypoglossal nucleus and usually extends a little further cephalad than this. Most of its cells are large and multipolar, and are situated lateral to the root fibers of the hypoglossal nerve. The nucleus fuses caudally with the nucleus intercalatus, dorsally with the nucleus praepositus, and ventrally with the reticular formation.
The Peri-Hypoglosso-Cerebellar Projection
The distribution of retrograde changed cells within the peri-hypoglossal nuclei determined in the previous study (7) is substantiated in the present investigation in 5 cats, subjected to total or practically total decerebellations (cats 0 120, 0 126, 0 131, 0 148, 0 149; killed 5, 6, 8, 9 and 9 days later respectively). In all of these animals the most marked changes are found in the caudal part of the nucleus praepositus, more ventrally than dorsally, and in the nucleus of Roller, but some altered cells are present also in the nucleus intercalatus, chiefly rostrally, as well as at rostral levels of the nucleus praepositus. Since only cells presenting the fully developed picture of retrograde changes have been taken into account, findings like these do not permit the conclusion that the remaining normal cells of the nuclei do not project onto the cerebellum, although this appears probable.
That this is virtually so is shown by the findings in another case of decerebellation (cat 0 150). This animal was kept for 28 days after the operation. Conspicuous loss of cells with concomitant increase in glia cells is found in the peri-hypoglossal nuclei. These changes show a distribution and relative intensity in different parts of the complex similar to the acute alterations observed in the other decerebellated animals. Thus, there is considerable cell loss in the caudal part of the nucleus praepositus, where only a few of the large cells (5 to 10 in every section) are preserved. The nucleus of Roller cannot be clearly identified, presumably because most of its cells have disappeared. In the nucleus intercalatus a definite loss of cells can be ascertained in its rostral part only. Since it must be assumed that all cells affected by transection of their neurites will have disappeared in these young animals in the course of 4 weeks, the findings may be taken to prove that a certain proportion of the cells of the peri-hypoglossal nuclei, notably in the nucleus intercalatus and the rostral part of the nucleus praepositus, do not send their axons to the cerebellum.
A considerable number of animals subjected to partial lesions of the cerebellum have been studied in order to decide to what parts of the cerebellum the peri-hypoglossal nuclear fibers pass.
Lesions of the Vermis: In altogether 17 animals cerebellar lesions restricted to the vermis were produced. These animals were killed 4 to 6 days later, and in 10 of them typical retrograde changes were present in the peri-hypoglossal nuclei. The number of altered cells varied according to the lesion (see below), but in all positive cases the retrograde changes consistently affected cells of all types (large, medium-sized and small ones), and in all of them the changed cells were found scattered throughout those parts of the nuclei which were shown in the previous study (7) , and confirmed in this, to proj ect onto the cerebellum. That is, most of the altered cells were always found in the caudal third of the nucleus In order to decide whether the entire vermis or only certain parts of it serve as end stations for the fibers from the peri-hypoglossal nuclei it would have been desirable to study animals having lesions strictly limited to particular regions of the morphological subdivisions of the vermis. To produce such ideal lesions is, however, almost impossible in these small animals, but the uncertainties emanating from this circumstance are to a large extent eliminated by a comparison of different cases. The actual lesions in 9 relevant experiments are shown in Figure 2 , where the borders of the lesions in the different animals are indicated in a diagram of the cerebellar surface imagined unfolded. It should be noted that these diagrams give only the total extension of the lesions and do not show their depth.
From a comparison of the findings in these cases as well as in some others (see below) it is evident that the anterior lobe receives a fair quantity of the cerebellar fibers from the peri-hypoglossal nuclei. Six of the lesions shown in Figure 2 (cats 0 115, 0 124, 0 140, 0 146, o 151, 0 152) involve the anterior lobe, but as will be seen, all of them encroach to some extent also on the lobulus C2 of Bolk, posterior to the primary fissure. When the intensity of the changes in the peri-hypoglossal nuclei is evaluated in relation to the lesion, it seems evident that the nuclear changes are closely related to the involvement of the anterior lobe, while there is no such degree of correlation between nuclear changes and the involvement of the lobulus C2. The assumption that the lobulus C2 does not receive more than at most a few fibers from the peri-hypoglossal nuclei is strengthened by the findings in some other cases. Thus in cat 0 111 (not illustrated) the entire lobulus C2 was removed, with only slight damage to the lobulus c. (pyramis) and posterior part of the anterior lobe and the nucleus fastigii, but only very few altered cells are present in the peri-hypoglossal nuclei. Cases with lesions of the hemisphere encroaching upon the anterior lobe but not the lobulus C2 (for example cats 0 125 and 0 167, not illustrated) also lend support to the conclusion that the lobulus C2 receives few, if any, fibers from the peri-hypoglossal nuclei, while the anterior lobe is an important end station in this projection.
Our material is not sufficiently large to permit conclusions as to a possible differential distribution of peri-hypoglossal fibers within the anterior lobe. However, the intensity of the nuclear changes is related to the size of the anterior lobe lesion and not to its site, and even if we have no experiments with lesions limited to the anterior part of the anterior lobe, it appears from a comparison of different cases that this part also receives perihypoglossal fibers. It also appears that medial as well as lateral parts of the anterior lobe receive such fibers. Furthermore, the different subdivisions of the peri-hypoglossal nuclear complex appear to project uniformly to all receiving parts of the anterior lobe, since the distribution of altered cells is always the same, regardless of which parts of the anterior lobe are damaged (for example cats 0 124 and 0 140 in figure 2 ). Other parts of the vermis, receiving fibers from the peri-hypoglossal nuclei, are the uvula (lobulus b of Bolk) and the pyramis (lobulus c.). This is shown by the following cases: In cat 0 109 ( fig. 2 ) the lesion is practically limited to the uvula, in cat 0 163 ( fig. 2 ) it comprises the pyramis and the caudal part of the lobulus C2. In both these cases characteristic retrograde changes in cells are present in the same areas of the peri-hypoglossal nuclei as in those described above, and cells of all types are affected. However, in both these animals the total number of changed cells is much smaller than when the anterior lobe is damaged. Similar findings can be seen in cat 0 133 ( fig. 2) , where the lesion involves the pyramis and the uvula. While thus quantitatively the projection onto the pyramis and uvula is much smaller than that onto the anterior lobe, the projection is organized according to the same principle, all types of cells taking part in it and the same nuclear areas giving origin to the fibers. When the relative sizes of the lobules in question are taken into account, it appears that the relative density of peri-hypoglossal fibers to the uvula and pyramis, and the anterior lobe, respectively, may be about the same. Whether the nodulus receives fibers from the peri-hypoglossal nuclei cannot be decided, since no lesions restricted to this lobule are available. Since, however, no evidence for a projection into the flocculus has been obtained, it appears likely that neither the nodulus receives peri-hypoglossal fibers.
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Lesions of the Cerebellar Hemispheres:
In several cases in which the lesions are limited to the cerebellar hemispheres (anso-paramedian lobule and paraflocculus) we have never observed changes in the peri-hypoglossal nuclei. In many of these cases the lesions have been rather large and have commonly involved also the dentate nucleus. As is well known, negative findings with regard to the occurrence of retrograde cell changes are never absolutely conclusive, since there are individual variations with regard to the speed of development of the cellular alterations following transections of neurites. However, if such negative findings are made consistently in similar cases, the probability that they are significant increases, particularly when, as in this study, the age of the animals at operation and the times of their survival are the same as in other positive cases. Furthermore, to exclude as far as possible the errors due to the individual variations, we have discarded all negative cases in which there are not concemitant alterations in the inferior olive and the lateral reticular nucleus. The retrograde alterations in these nuclei, particularly in the latter (6), appear to follow a similar time course as those of the peri-hypoglossal nuclei. It appears likely, therefore, that when changes are found in these nuclei, they would have occurred also in the peri-hypoglossal nuclei if they project onto the parts of the cerebellum involved in the lesion.
Diagrams of the cerebellum in 4 cats (0 104, 0 114, 0 117, 0 147) with lesions restricted to one hemisphere are shown in Figure 3 . In all of them the inferior olive and the lateral reticular nucleus show typical retrograde changes, but not a single altered cell is to be found in the peri-hypoglossal nuclei. In two other animals with large lesions of the hemispheres, involving also the paraflocculus, the flocculus and the dentate nucleus (cats 0 159 and R 152, not illustrated), a few altered cells occur in the usually affected areas of the peri-hypoglossal nuclei. However, in both cases some fibers to the pyramis-uvula or the anterior lobe have been interrupted, as is also evident from the changes in the olive.
On the basis of these findings the conclusion can be drawn that the anso-paramedian lobule, the paraflocculus and the flocculus do not receive fibers from the peri-hypoglossal nuclei. With regard to the two latter lobules some support for this conclusion is provided by the findings in 3 cats (0 113, 0 132, 0 154) in which the entire vermis, the fastigial nuclei and extensive parts of the hemispheres have been removed, while the parafloccuh and one or both flocculi are preserved. The ensuing alterations in the peri-hypoglossal nuclei are as marked as following total decerebellations.
Lesions of the Intra-Cerebellar Nuclei: As appears from the above account we have found no evidence that the dentate nucleus receives fibers from the peri-hypoglossal nuclei. It is remarkable, however, that even with extensive lesions of the anterior lobe or of the pyramis-uvula, the intensity of cellular alterations in the peri-hypoglossal nuclei is always clearly less than following total decerebellation. Since the anso-paramedian lobule, the paraflocculus and the dentate nucleus do not appear to receive fibers, the explanation of this discrepancy may be sought in the involvement of the fastigial nuclei in addition to the cortex of the vermis in decerebellation. Unfortunately, attempts at producing isolated lesions of the fastigial nuclei have not been successful enough to give decisive results. However, it is evident that in lesions involving this nucleus in addition to most of the cortex of the vermis, the retrograde alterations in the peri-hypoglossal nuclei are very marked, approaching those seen following decerebellation. Two particular cases (cats 0 129 and 0 160) are shown in Figure 4 . The diagram of the nuclei below indicates the intensity of the changes by the spacing of the dots in one of these cases (cat 0 129) and should be compared with the corresponding diagram of cat 0 151 in Figure 2 . In cat 0 160 with a somewhat more restricted lesion of the fastigial nuclei, the alterations are slightly less marked than in cat 0 129. Figure 1 shows photo-micrographs from cells in the latter case. It appears, therefore, that the nucleus fastigii receives a certain proportion of the perihypoglosso-cerebellar fibers.
Lesions of the Spinal Cord: As has been seen not all cells of the peri-hypoglossal nuclei project onto the cerebellum. It was thought of interest, therefore, to study these nuclei ingive origin to descending fibers. In all cases the lesion was at the level of C3 -4 ; in one there was a practically total hemisection of the cord, in the others the lesion involved chiefly the lateral funiculus. None of these series showed retrograde cellular changes in the perihypoglossal nuclei. The material was too scanty to permit decisive statements, but it has at least not given evidence for a spinal projection from the peri-hypoglossal nuclei. Figure 5 shows a diagram summarizing the results of the present study.
DISCUSSION
The Evaluation of Retrograde Cell Changes: As has been more fully documented in the first report on the cerebellar projection of the peri-hypoglossal nuclei (7) the cellular changes observed in these nuclei following certain cerebellar lesions are characteristic and leave no doubt that they are due to transection of the neurites of the cells of origin. It is, therefore, justifiable to conclude that the cerebellar afferents from the peri-hypoglossal nuclei terminate in those areas of the cerebellum, lesions of which produce such changes in the nuclei in question.
Since, as described above, only cells presenting the fully developed picture of retrograde changes have been taken into account, it follows that while the site of origin of the fibers in question can be determined with great accuracy, an estimation of the quantitative features of the projection must be made with caution. The number of cells changed in these cases will, for obvious reasons, represent only a minimum of those actually projecting onto the different cerebellar subdivisions (10) . The remaining normal cells in a decerebellated animal surviving for 28 days may, however, be assumed to give a true picture of the total number of cells in these nuclei not projecting onto the cerebellum. These, as has been described, are found chiefly in the nucleus intercalatus and in the rostral part of the nucleus praepositus.
While the occurrence of cells with typical changes of retrograde degeneration may be considered as proof that the affected cells project onto the cerebellar region which was damaged or removed, the lack of such changes in a particular case, as mentioned above, is not conclusive. However, consistent negative findings in several cases increase the probability that the areas of the cerebellum removed in these cases do not receive fibers from the peri-hypoglossal nuclei, particularly, when, as in this study, only cases have been considered in which other nuclei sending fibers to the cerebellum present typical retrograde changes. We feel justified, therefore, to conclude that the negative findings with regard to the anso-paramedian lobule, the paraflocculus and flocculus and the dentate nucleus are significant, and indicate that these subdivisions do not receive fibers from the peri-hypoglossal nuclei. The lobulus C2 seems to receive only very few, if any, fibers.
The Peri-Hypoglosso-Cerebellar Projection: Some features of the projection analyzed in this study deserve brief comment. The fact that all types of cells are affected with retrograde changes following lesions of the cerebellum demonstrates that the small cells are not to be considered as internuncials, as suggested by Marburg (16) . It is, of course, quite possible that some of those cells which do not project onto the cerebellum may be true internuncials, but our findings indicate that the fact that a nucleus contains small in addition to large cells, does not permit the conclusion that the small ones are internuncials. Corresponding findings have been made also in other nuclei, for example the lateral reticular nucleus (6), the paramedian reticular nucleus (8), the pontine nuclei (9), and others. The differences in cell size may betray functional dissimilarities of another kind than those of internuncial versus projecting neurons. This assumption is supported by the finding that the different subdivisions of the peri-hypoglossal nuclei all appear to be exactly similar in their cerebellar projection, in spite of their heterogenous cytological appearance. Also in this respect the similarity with the cerebellar projection from the paramedian reticular nucleus (10) is complete.
Whether the cytological differences between the components of the perihypoglossal complex are related to differences in afferent connections is a question which can as yet neither be denied nor answered in the affirmative. It is remarkable, however, that afferents from various sources have been traced to one or more of the peri-hypoglossal nuclei. This subject has been discussed in some detail in the first communication on the cerebellar projection of the nuclei (7) . Suffice it to mention that vagus-glossopharyngeal fibers (2, 11, 13, 14, 17) , vestibular fibers (12, 17, 19) , fibers from the nucleus fastigii (1) as well as fibers from higher levels of the brain stem (7, 18) have been described.
If these and other fiber connections, some of which have been observed in normal preparations only, really exist, they lend support to the assumption that the function of the peri-hypoglossal nuclei may be rather complex. Efferent fibers from these nuclei, apart from those to the cerebellum, have not been conclusively demonstrated. If the cells left after decerebellation are not to be considered as internuncials, which appears unlikely, it must be assumed that the nuclei, particularly the rostral part of the nucleus praepositus and the caudal 7õ f the nucleus intercalatus, may act on other gray masses than the cerebellum; however, no reliable information seems to be available with regard to the above mentioned questions (see (7) for particulars). The vicinity of the peri-hypoglossal complex to certain other nuclei, particularly the hypoglossal, probably reflects functional interrelations. The fact that in the phylogenetical scale the perihypoglossal nuclei appear to betray a development corresponding to that of the hypoglossal nucleus ((2), (17) and others) may also be taken to support the assumption of a relation to the motor functions of the tongue.
The ample projection from the peri-hypoglossal nuclei onto the cerebellurr supports this view, rather than the idea of a relationship to taste. It is remark able, however, that the cerebellar projection is not chiefly to the physiologically delimited face area in the cerebellum (20, and others), but is coincident with the terminal area of the spino-cerebellar systems, particularly of the dorsal spino-cerebellar tract, and of the fibers arising in the external cuneate nucleus (5).
It is also of interest to note, that the paramedian reticular nucleus, outlined recently (8) , has turned out to project onto the same cerebellar areas (10) . The relationship of this nucleus to the complex under consideration is also evidenced by its being connected by cell strands with all subdivisions of the peri-hypoglossal nuclear complex. The similarities in the fiber systems mentioned may indicate common functional features, presumably related first and foremost to proprioception, but it must be left for future investigations to determine whether this conjecture concerning the functional role of the peri-hypoglosso-cerebellar connections is tenable.
SUMMARY
In a previous experimental study in the cat (7) it was shown that the perihypoglossal nuclei, i.e. the nucleus intercalatus of Staderini, the nucleus praepositus of Marburg and the nucleus of Roller, project onto the cerebellum. Somewhat more than half of the connections are homolateral, and small, mediumsized and large cells alike give origin to cerebellar fibers. They are derived chiefly from the nucleus of Roller and the caudal part of the nucleus praepositus, smaller components coming from the rostral part of the latter and from the nucleus intercalatus.
In the present investigation the distribution of retrograde cellular changes in these nuclei following smaller, differently placed, cerebellar lesions has been studied, the modified Gudden method (3) having been employed. In addition to confirming the findings made in the first study the results show that the projection area within the cerebellum of the peri-hypoglossal nuclei comprises the anterior lobe, the pyramis and uvula, and the nucleus fastigii. All parts of the nuclei projecting onto the cerebellum send their fibers to the entire receiving area.
The findings are considered to lend support to the assumption that the perihypoglossal nuclei are primarily related to motor functions of the tongue, although this may not be their sole function. The fact that small as well as medium-sized and large cells project onto the cerebellum shows that the occurrence of smaller cells in a nucleus does not permit the conclusion that the small cells are internuncials.
